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® C,«.ode .a.e.a, .or ,«H,u™ »con<.a„ bane,, and .e«,o<. ,o, produCn, mMa.e. n,c.e, d,o.,<.a 
and lithium secondary battery. 

0 T.e invention provides a cathode ^f^^^f 

V..:, excellent ^^-f'^^^^^^^^^ battery contains lithiated nickel 

compound and firing the mixture in an atmosphere contain.ng oxygen. 
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V tn a cathode material for lithium secondary batteries which contains 

.hi nS~nd « the lithiated nic.e, dioxide which is a composite oxide. 

-'l^^ZTZ.... an .-NaPeO. -u.u. . he^o^^^ 

abbreviated as "lithiated cobalt dioxide") .s -'^^^^^^^'"'^^^^^^ closest-packing of 

ions are alternately and regularly arranged ,n layers m ^^^^^^"^^^'^J ^^^^ easy and lithium ions 

oxygen ions. Due to this -cture di«us,^^^^ Cobalt dLide'has already been 

can be electrochemically doped or ""^°Pjf ^^^^ secondary batteries for electric sources of some of 

put to practical use lithium secondary batteries are expected as high- 

pocket telephones and v.deo -^-^ J"^^^^^^^^ g3,e,3tion and as electric sources for electric 

rcrrporr'st^raT^^^^^^^^ -..0 in^ future^Thus. lithiated cobalt dioxide .s be.ng 

studied to be applied as cathode matenals for lithiur^ se^^^^^^^^^^ , 

On the other hand, lithiated n.ckel diox-de hav ng '^^ " "^f r^^^^ having the 

(hereinafter sometimes abbreviated as .^^-^^^ f diot'e s more usefu because of the low 

rtrs ~ - - ^° '-^'-'^ 

researches have been mainly made on lithiated <;°balt dj.de_ ^.^^^ ^ ^.^^ 

one reason ^Z:;^ "re^l'th-um i'o^s and'nicke. ions are irregularly 

, temperature exceeding 800 a so ca^d m^^ increasingly incorporates into the 

5 cannot have sufficient discharge capacity. temperature of lower than 800 'C for avoiding the 

„ that prasenca of nickal in tha lithium s,te '""'^"^ °1 JToww than 1. The relation 

Charge/discharge characteristics In *L 1 i-^vX^d and ' is reported that with 

="e T.T^.r:i:i:r^::^rj;^~ ..^-re mo.,., ,n The 33rd ean., 

obtain lithiated nickel dioxide which does not and discharging to occur and which contains 

charging and discharging and ^-^-^^^^'^l^'^^^^^^ adversely affecting the 

40 Stoichiometric composition. i^^^ decomposition of 

,i.hi„^cr::dUtrr:=r;i'^r^^ 

Allg. Chem.. 333. ,88 0«e4), and Ithiun, percx.d^^^^^^^ 

. :ifrSr;T<i ^.J. ... . ,he . ^ canno. 

be handled in the air. L..,:„i„„ 1 1 ni O, N is in the range of 0.84-1 .22) by 

^il«.^^w«^r IP A P-40861 discloses a process for obtaining LiylNi2-yU2 ty IS in uiB 1 any / 

mi." "droxira^d^nice, o«id: in the [ 
800.C. However. accor<«ng .o the d^^^^^^^ 
50 process is used as the cathode material oi iiiniurTi b Lame-discharoe test with a constant current of 

of chargeKlischarge cycle. '^^'^^^^JC^.T.^'ZTZZu. discharging voltage Vmin = 3 
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excellent coulomb efficiency E of S^-^/" pj"^^^^ 

peroxide solution. P''*'«"^ 'f ^^^'-.n^ in Te ^ R 0^0. al. So'd State ,on,=., 44, 
drying and than, finng the P°-"^7= « ^ ' ' lass contains a small amount of lithium hydroxide and 
87(1990)). Since the product obtained by ftis P ^^p, ^ part ol lithium Ions ot 

the conventional processes. nthlated nickel dioxide having the a-NaFeOz type 

strurrd' ?:rTath^r:rr o,'^lltr:r:S"l haymg e^e. cnarge^dlscharge 
rSl^L. and a process tor produ.ng „ ^dlorrreSTy dispersing a nlCe, 

AS a solution. It has been found >*'^' '^'^ ''^^ dispersion to thereby mix lithium nitrate and the 

CeVrrrrchlS^^n-^Te-un-dC^SduTor solid electrolyte therein the cathode 
contains lithlatednicltei dioxide of the above W ^„„,ai„i„g the lithlated nickel dioxide of the 

presirin^ro: ar-he^rrr ;:^rt.^~hlc.ei dLide o, the present invention »ii, be 
*r rul:m~ncy E at charging and discharging is defined by the following formula. 

E = (discharge capacity)/ (charge capacity) " 100 
= (discharge current x discharging time)/(oharging 
current x charging time) x 100 (%) 

ar^i'r^ Charging and -->'^'-Z°ZLZ:.'ZT:o:^:o< r~nven«on is characterised In 
■■-r rrum^::rdtTa;L%TL present mven^on will be explained in detail. 
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«f thP nresent invention contains tlie above-mentioned 
The cathode of the lithium secondary battery of present nve 
lithiated nickel dioxide of the present inven^on as an act.^^^^^^^ ^^^^^^^.^^ ^ 

one which contains the lithiated nickel ^'ox-de a carb^nace^^^^^^^ 

--^^^^^ po,ytetraf.^roethylene. polyethylene. 

-rr^^ of the lithium seco^a^ batt^ 

.etal. lithium alloys or materials l^l^^J^^^'J^^^.^^^^^^^ which lithium ion can be undoped 
undoped. The matenals m wh.ch ''^^^'""^^ °" ^^^^ graphite, artificial graphite, cokes, carbon 

include, for example. polymer compounds. Shape of the 

black, pyrolytic carbons, carbon '^''^'^^'^^J''^''^^^^^^^ agglomerates of fine powders and If 

- "-^'^ '-^'"^ 

from nonaqueous liquid electrolytes compns.ng orgamc solven ,n wNch ^.^^^^ ^.^^^ 

solid electrolytes. As the '^^^ium salt rnen^on ma^^^ ^^^^^ ^,333 

LiCF3S03. LiN(CF3S02)2. U2B,oCho^ TTJo ora^oTZ the organic solvent, mention may be made of 
may be used each alone or as a mixture of two or "^"^^ carbonate and diethyl carbonate, 

„ carbonates such aspropv'ene carbonate, ^^^^^^^^^^^^^^ 2-methy.tetrahydrofuran. 
ethers such as 1 .2-d.methoxyethane. ^ '^'d' -^fhoxy propane, y acetonitrile and 

esters such as methyl formate^ ^^^trrmldf an"; ^^^^^^^^^^ carbamates such as 3- 

butyronitrile. amides such as N.N-d.methylformamide ana J^^^^^^ dimethyl sulfoxide and 1.3- 

methyl-2-oxazolidone. and -'f---"*-"'"^^^^"" ^^^^^ or n^o"^ Among them preferred are mixed 
,5 propane sultone. Normally, these are used ^dm.xture o^ l^o o^mo a 

solvents containing carbonates and preferred are m xed so vents o ^yc^^^^^^ ^^^^.^^ 

carbonates or mixed solvents of cychc carbonates « ^^^J^- "^J compounds containing at least 
made Of polymer «f ^rolytes suc^^^^^^^^^^ a'nd inorganic'compound electrolytes of 

one of polyorganosiloxane branches and Polyoxya kyi ^^^^^ containing sulfides such as 

S^^li^:^i3P0: - also be used so-called ge, type elec- 

^^'~2aZ: is not Umltative and may be any of 

paper type, coin type, cylindrical type ^^^^^^ The particle size has no special 

Lithium nitrate used as a starting material P^«*^^^^^^^ J ^ ^.^^^ ^ith a nickel compound, 
limitation because lithium nitrate .s once made ^ ^,^^^3,^ 3^^, ,3 

The solvents used for dissolving lithium nitrate include tor ex p ^ ^^^^^^^^ 
ethanol. Water is particularly preferred. The ^'^^^^^^^^ ^^J^^' p^^^^^^^^^ Tn the solvent there is the 
which dissolve lithium nitrate can also be -^^^'^[^f^^^^^^ is preferred to carry out 

- — ll^Cr ^.rrp^^ TZ s..o. operation is not 

nickel compounds to^ disper^ ^ ^ ir ^ide^^^^r ^^^n^:^^^ 
. J^i^nr sesquloxlde and trinickel tetroxide 

^-'^^2Sr^^:-ablyofh^ 

50 preferably has a specific surface area of 1 m^/g more preferably the nickel compound 

When the nickel compound is dispersed in the l.thium ^y^,^^ nitrate solution is 

is charged in a vacuum container and the container va<:-m.zed^ '.^'atTsoTutn Thus, the lithium nitrate 
added ?o vacuum impregnate the nickel c^^^^^^^^^^^ ,,3^ ,3, ,3 

solution penetrates into the pores of obtained mixture Is the same in discharge 

samples diminishes. 
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.... .a.o o. .... ...e ana - .c.U^- can^^^ 

of Li/Ni = 1. but preferably is m the range of ^ ^^^^f ™ ^ ^,^,3^^ solution. When the ratio exceeds 
composite oxide is short of ''^^'^ ' / "arLona^^^^^^^ the product is handled in the air after 

1.1. the unreacted lith.um component forms ''^h'^'" discharge capacity. 

, tiring and remains at a high P-Porfon ,n of the solvent from the lithium nitrate 

A rotary evaporator or a spray ^''-er can be used tor e p ^^^^ ^^^^^^^ ^p^^^ 

solution in which the nickel ^^^'-^^^^n^X^^^^^^^^^ filing furnace which simulta- 

pyrolysis apparatus compnsing combination of a spray oner 

more prelerably in oxygan stream. ^ ^ compound before 

Fur*ermore. i. is pre.err«J '-^I'^^^'^^IZT^*!^^^^^^ mel«ng point of iifhiun. nifrafe 
,s firing. However, it Is net P"'»™<' TLTl Na ed nioM dioxide obtained by firing the mixture in th„ 

rrtbrreTn^nrrca^ar:: orr^^^^^ without tKe drying step, but variation in discnarge 

- r ;rc"tS:^re= -:;^trnT,i.;^^^^^^^^^^ U .oceeds and tnis is also net 

■"nnfflrlng time is preterabi, 2 bours or ionger more 9^^^^^^, ^^^^.^ aner tired is not 
. .ererbuTlf^r; r::— p ^ZZr... -p . tn. neat treating step 

''°";b:«nlil-i«ng examples explain tbep™^^^^^^^^ 3, 

unless otherwise notified. '"""^^ r^' ef a^etytne bl.oMtrademad< Denka Black 50% 
lithiated niokel dioxide as ^^''^J^f^;^^ To^;, Ka'us'hiki K^sh.) as a conducive diluent and 6 
,0 pressed product manufactured by '^^aku ^ogy p„,.„teu| Fluoroohemicals Co.. Ltd.) 

b;nrwrre:drr ra.e?rpr::r:";:r ™s u ».s coated o„ a .00 ..0,0. ste. 

meshTs a current collector and vacuum dried at ,50-C lor 8 hours. 
35 Example 1 

..3 g Of lithium nitrate (special reagent grade. — ^^^^^^^^^^ ^::^J^s. 
was dissolved in 100 g of ethanol (special ^--^^^'ll^^^J'^^^^^ reagent 
Ltd.) and to the solution was further ^f/^^.J f f;,^^3,°;3"'ttd ) a d^ thoroughly dispersed. Thereafter, 
40 grade, manufactured by Wako Pure Cher^ca '^^"^^^'^J;.^^"'^.^^, ^er was lightly ground by a mortar 
ethanol was evaporated by a ^^'^^^^'^^^'"^^^^^^^^^^^^ an alumina core tube and fired at 700-C 

rr^irrsor.::^^^^^^^^ -fl^- powder X.ray diffraction that the 

resulting lithiated nickel dioxide powder had "-N^^eOa^^^"^*"^^^^^^^^^ ^ plate type battery was fabricated 

The lithiated nickel dioxide powder was P^^^^^l^ "^^^ perchlorate at a concentration of 1 mol/liter in 
.Sing the electrode, a so.u«on p.p^^^^^ 33 3 ,,,, .ectrolyte a 

a mixture of propylene ^ ^ 

polypropylene microporous membrane as a separator a temperature with a constant current of 

'The battery was subjected to charge and f^^-^^^'^'^^^^^^^^ discharge voltage Vmin = 2.5 V. 



Example 2 



,0.as g of lithium nitrate (special -^'^ ^rnrctSLTwr P^e^jraTrs^S! 

rt^Vrrt^rs^urn'rfX'ardT'^rr:;*:. ses<,uiox^de .anu,acured by 
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.aca,» Ts^uo, Inc., an. .oro.,., "jrC^^, r TrU'^a.' 

r:rrrar:rt:.T^^^^^^^ 

dioxide powder. The battery was f ^^^^L^f *° f ^^^^^^ V Coulomb efficiencies and discharge 

constant current of 0.17 mA/cm^ at Vr"^.'^"^ J. i, jable 1. The coulomb efficiency at the 

capacities at the 1st to 5th charging and discharging are shown 
1st charging and discharging was 89%. 

Example 3 

7.23 g o, ,«u. n*a» (spaCa, r,agen. grade. ■^'"^'^^'l^ZZZtTt^^^^ 
„as dissolved in .0 g o, pure -'>''r'Z2.i^T:y Tj:T^ Chela, industries. L,d., and was 
; <NiCO,.2Ni(OH)..4H,0. reagent grade. '"^"'^'^^ °^ ^^^^ „ater was evaporated by . rotary 
,i,„roughly dispersed, -mereafter. ,n the ^l""^^^ ^ ^ ,5 hours in 50 cm'/min 0, an oxygen 

:r:Trr.rdty^rrr.rdi:ro.irh:: the resulting ,itn,a,,d„io.e,dio 

„ sr .anne, as in ^^^rJ^h:;^ rra^s.^ ^^^^^^^^^^ 

dioxide powder. The battery l'^.'fjT^''^:.Zb e,^^e^^s and discharge capacities a. the ,s, to 6th 
0h^=:;idTc;:r|:gTre r nt'^Trp": The coulonrb e.c,e„cy atthe ,s. charging and discharging 
was 86%. 

Comparative Example 1 

,..g„,ii.hiurnni.rate,s.c,alre.en.^.^^^ 

. re.^L7ln'dl:sn; — ^a^^^^^^ 

:tr"rron:rdryrrr=rat:rresu,«nglithi.tednicM dioxide powder had.- 

NaFe02 type structure. fabricated using the lithiated nickel 

,n the same manner as m ExamPle 1^ ""^^' fand discharge test with a constant current of 0.17 
35 dioxide powder. The battery discharge capacities at the 1st to 5th 

^^^^-^^ — efficiency at the 1st charging and discharging 

was 79%. 



Table 1 



Example 1 


Discharge capacity mAh/g 
Coulomb efficiency % 


1 

164 
89 


2 

166 
99 


3 

166 
99 


4 

165 
99 


5 

164 

99 


Example 2 


Discharge capacity mAh/g 
Coulomb efficiency % 


171 
89 


172 
99 


171 
99 


170 
99 


169 
99 


Example 3 


Discharge capacity mAh/g 
Coulomb efficiency % 


166 
86 


168 
99 


168 
99 


169 
100 


167 
99 


1 Comparative Example 1 


Discharge capacity mAh/g 
Coulomb efficiency % 


151 
79 


149 
98 


148 
98 


147 
98 


148 
99 



The cathode .ateHals confining lithiat«, *.el diox.^0, ZZ:X:ZTrj: ZZltt 
nickel compounds which are inexpensrve and ' „ve, those containing lithiated 

rbaTri^raredTlSrer =i — nr^r r.^ore, when they are used as cathode 
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the present invention is remarkably great. 



Claims 



" A c,*od, .atari., acoordin, .o Calm . wHc. shows a coulo.b e«icie„cy o, 85% 0, higha, a,*a «rs. 
charging and discharging. 

rrn^^l Xund and firing .ha .ix,.ra in an a,n,osphara con,a,n,ng oxygan. 
4. A process according .o Cairn 3 «ha,.,n .ho soivon, ,o, ,ha „.hium ni,ra.a so,u.ion is a. loas. ono soivan. 
20 selected from water and alcohols. 

5 A procass according ,o Cairn 3 or 4 whorain ,ha niCo, compound has an avsraga partiCa si.o o, 100 
urn or smaller, preferably 50 am or smaller. 
. S. A procass according .0 any o, C.nrs 3 .o wharoin ,ha niCa, compound has a spaci,io sor,aoa araa 
of 1 m^/g or larger. 

^- to «nv of claims 3 to 6 wherein the the nickel compound is dispersed in the 
7. A process according to any of claims j lo o, w vacuum container, the container is 

3„ rir^rr r .s^^=tirT^^ — d to ...m 

impregrlate the nickel compound with the lithium nitrate solution. 
8 A process according to any of claims 3 to 7. wherein the mixing ratio of lithium nitrate and the nickel 
compound is in the range of 1.0^Li/NiS1.1. 
" 9 A process according to any of claims 3 to 8, wherein the firing atmosphere is oxygen. 

^d^-^r^^^rr:^"^"— 

" ,1. A procass according to any o. Caims 3 ,o .0. wharoin .ha liring is carriad ou, a. 360-800- C. 

«. A ,i.hi.n- socondary ha„ery having an anoda ^^^l^^ Tala "anrlrhi^r^r: ^^^^'ll 

. rd'r^orwrch^-"^^^ 

contains lithiatod niclcal dioxide of claim 1 or 2 as an activa matonal. 
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